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© A semiconductor light emitting device comprises 
a substrate, an n-type semiconductor layer formed 
on the substrate, a p-type semiconductor layer 
formed on a portion of a surface of the n-type 
semiconductor layer, an electrode for applying a 
reverse biasing voltage to the PN junction to cause 

FIG. 1A 




an avalanche breakdown and an area formed in a 
portion of the PN junction. The p-type semiconduc- 
tor layers forms a planar type PN junction with the n- 
type semiconductor layer. The area formed in a 
portion of the PN junction has a lower break down 
voltage than that of other area. 

FIG. 1B 
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SEMICONDUCTOR LIGHT-EMITTING DEVICE 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a semiconduc- 
tor light-emitting device which has a planar type 
PN junction or a Schottky junction and produces a 
light by applying a reverse bias to the junction to 
cause an avalanche breakdown. 



Related Background Art 

Photo-emission from avalanche breakdown has 
been reported by an article "Photo emission from 
avalanche breakdown" by A.G. Chynoweth and 
H.K. Mckey, Phys. Rev., Vol. 102, p.369, 1956. On 
the other hand, an application of the photo emis- 
sion phenomenon to a light emitting semiconductor 
element is reported in W A study of the nature and 
characteristics of light radiation in reverse-biased 
silicon junctions" by C.B. Williams and K. Danesh- 
ver, Conf. Proc. IEEE, sou theostion, p.161, 1988. 
In this article, it is reported that a photo emission 
intensity on a Si PN junction interface is 0.01 
W/cm 2 . The semiconductor devices in those arti- 
cles comprise planar type PN junctions as de- 
scribed in "Physics of Semiconductor Devices" by 
S.M. Sze, John Wiley & Sons, p.73. 

In the prior art devices, because of the planar 
type PN junction, there exists a portion having a 
cylindrical radius of curvature or spherical radius of 
curvature around the junction. Since an electric 
field acting on the junction is higher in the portion 
having the cylindrical or spherical radius of cur- 
vature than in a planar junction portion, the photo 
emission by the avalanche breakdown occurs only 
in the high electric field zone, that is, only periph- 
ery of the junction, and it is not possible to uni- 
formly emit light throughout the junction. In such a 
planar junction, there occurs photo emission by an 
electric field concentration due to ununiformity of a 
paterning shape in the formation of the junction or 
photo emission by an electric field concentration 
due to defects. Thus, photo emission by inadver- 
tent factors governs the light intensity of the photo 
emission or the position of the photo emission. 
Accordingly, it is not possible to form a light emit- 
ting device with a high control. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 



vide a semiconductor light emitting device which 
solves the problems encountered in the prior art 
devices, can be manufactured with a high control 
and emits light uniformly. 
5 The above object of the present invention is 

achieved by a semiconductor light emitting device 
comprising: 
a substrate; 

an n-type semiconductor layer formed on said sub- 
10 strate; 

a p-type semiconductor layer formed on a portion 
of a surface of said n-type semiconductor layer; 
said p-type semiconductor layer forming a planar 
type PN junction with said n-type semiconductor 
is layer; 

an electorde for applying a reverse biasing voltage 
to said PN junction to cause an avalanche break- 
down; and 

an area formed in a portion of said PN junction; 

20 said area having a lower breakdown voltage than 
that of other area. 

Further, the above object of the present inven- 
tion is achieved by a semiconductor light emitting 
device comprising: 

25 a substrate; 

an n-type semiconductor layer formed on said sub- 
strate; 

a Schottky electrode layer formed on said n-type 
semiconductor layer; 

30 said Schottky electrode layer forming a Schottky 
junction with the n-type semiconductor layer; 
a contact electrode for applying a reverse biasing 
voltage to said Schottky junction to cause an ava- 
lanche breakdown; and 

35 an area formed in a portion of said Schottky junc- 
tion; 

said area having a lower breakdown voltage than 
other area. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and 1B show a plan view and a sec- 
tional view of a first embodiemnt of a semicon- 
ductor light emitting device of the present inven- 
tion, 

Fig. 2 shows an energy band of the device 
shown in Fig. 1 , 

Fig. 3 illustrates a light emission process in the 

device of the present invention, 

Fig. 4 shows a relation between a photon energy 

and a light intensity in the device shown in Fiq 

1. 

Fig. 5 shows a sectional view of a second em- 
bodiment of the present invention, 
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Figs. 6A and 6B show a plan view and a sec- 
tional view of a third embodiment of the present 
invention. 

Fig. 7 shows an energy band of the device 
shown in Fig. 6, and 

Fig. 8 shows a sectional view of a fourth em- 
bodiment of the present invention. - 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figs. 1A and 1B show a plan view and an A-a' 
sectional view of a first embodiment of the semi- 
conductor light emitting device of the present in- 
vention. This device manufactured by the following 
process. 

An n-type semiconductor layer 2 having an 
impurity concentration of 3 x 10 16 cm"" 3 was 
formed on an n-type semiconductor substrate 1 
(GaAs (100) in the present embodiment) by mon- 
ochrome beam epitaxy (MBE) growth. Photoresist 
in an area 3 is cut by a photolithography resist 
process, and Si ions were injected therein at an 
acceleration voltage of 80 KeV. Further, photoresist 
in an area 5 was cut by a similar resist process 
and Zn ions were injected therein at an accelera- 
tion voltage of 40 KeV. 

It is then annealed in an arsine environment at 
850° C for 30 seconds to activate the impurity 
atoms. The area 3 was rendered to a highly doped 
n-type area having a peak impurity concentration of 
approximately 1 x 10 18 cm" 3 , and the area 5 to a 
p-type semiconductor layer having a peak impurity 
concentration of no smaller than approximately 1 x 
10 19 cm" 3 . The size of the highly doped n-type 
area 3 is preferably no larger than 5 urn in diam- 
eter. When it is larger than 5 urn, a uniform light 
emission is not attained and heat generation in- 
creases. The thickness of the p-type semiconduc- 
tor layer is preferably no larger than 0.1 um. If it is 
larger than 0.1 nm, a light transmittance rapidly 
decreases. 

Si02 was sputtered on the semiconductor layer 
to form an insulation layer 9. Photoresist at a 
predetermined position was cut by the same resist 
process as that described above and a portion of 
the insulation layer 9 was etched off to form an 
opening. Cr/Au was vapor-deposited thereon and 
unnecessary portion was removed by etching, and 
an ohmic contact electrode 6 to the p-type semi- 
conductor was formed. An AX contact electrode 1 1 
was formed to be connected to the electrode 6. An 
ohmic contact electrode 8 was formed on a bottom 
surface of the substrate 1. A reverse biasing elec- 
tric field was applied to the device thus formed 
from a power supply 7 through electrodes 6 and 8 
so that a light hv was emitted from the top of the 
area 3. 
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The operation of the device of the present 
invention is now explained. 

Fig. 2 shows an energy band of the semicon- 
ductor light emitting device of the present inven- 

5 tion. As shown in Fig. 2, by jointing the p-type 
semiconductor layer to the n-type semiconductor 
layer and applying the reverse bias to cause the 
avalanche breakdown, a number of electrons and 
holes are generated in a depletion layer. The gen- 

io erated electrons and holes cause not only a normal 
inter-band transition shown by a in Fig. 3 but also a 
recombination of carriers having a high energy 
shown by b or an intra-band transition shown by c , 
and the light is emitted. 

75 In the present embodiment the highly doped 
n-type area 3 which is distinctive from other area is 
formed in the n-type semiconductor layer 2 to from 
a depletion layer shown by a broken line 4 in Fig. 
1B. An uniform and high electric field area is 

20 formed throughout the highly doped n-type area 3 
so that the light emission uniformly occurs only in 
the highly doped area. 

In the present embodiment, by forming the 
highly doped area, the high electric field is formed 

25 to increase an electron-hole pair generation effi- 
ciency to increase the light emission probability 
and attain a brightness control. Further, by apply- 
ing a high energy to the electrons-holes, a light 
having a larger energy than a band gap Eg is 

30 emitted. 

In the present embodiment, the n-type semi- 
conductor is used as the semiconductor substrate. 
Thus, a highest electric field is formed below the p- 
type semiconductor which is exposed to the sur- 

35 face, and the electrons which are minority carriers 
in the p-type semiconductor most act on the ava- 
lanche amplification. As a result, where a substrate 
(for example, silicon) in which the electron-hole pair 
generation efficiency varies depending on the type 

40 of carriers and the probability of generation of the 
electron-hole pairs by the electron is larger than 
the probability of generation of the electron-hole 
pairs by the holes, the electron generation effi- 
ciency is improved by the present embodiment. 

45 In the present embodiment, it is necessary that 

the thickness of the p-type semiconductor layer is 
very thin enough to fully transmit the light gen- 
erated at the PN junction interface and reduce a 
light transmission loss. 

so By the above arrangement, a light emitting 

device having a relation between the photon en- 
ergy and the light intensity as shown in Fig. 4 is 
manufactured with a high control. 

Fig. 5 shows a second embodiment of the 

55 present invention. Fig. 5 shows a sectional view of 
the device as Fig. 1B does. In Fig. 5, the like 
elements to those shown in Fig. 1B are designated 
by the like numerals. The device was manufactured 
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in the following process. 

An n-type semiconductor layer 2 having an 
impurity concentration of 5 x 10 16 cm" 3 was epi- 
taxlally grown on an n-type semiconductor sub- 
strate (Si (100) in the present embodiment) by a 
vapor deposition (CVD) method. Then, Si0 2 was 
formed to a thickness of 4000 A by thermal diffu- 
sion, and resist at a predetermined position was cut 
by a resist process and Si0 2 was removed by 
fluodic acid etchant to form a donut-shaped open- 
ing on the top of the area 10. Then, B (boron) was 
thermal-diffused by appropriate dopant to form a p- 
type guard ring area 10. Then, the Si0 2 area at the 
top of the light emission area was removed by the 
resist process and the etchant. P ions (phosphorus) 
were injected into the area 3 and Ga(galium) ions 
were injected into the area 5 to make the area 3 to 
the n-type semiconductor having a peak impurity 
concentration of approximately 8 x 10 17 cm"" 3 and 
the area 5 to the p-type semiconductor having a 
peak impurity concentration of no smaller than ap- 
proximately 1 x 10 19 . The ions were injected at a 
low acceleration so thatthe thickness of the area 5 
is no larger than 500 A, and it was appropriately 
etched. Then, ohmic contact electrodes 6 and 8 
were formed to complete the light emitting device. 
In the present embodiment, the guard ring area 10 
is formed around the highly doped n-type area 3 to 
form the depletion layer shown by the broken line 
4 so that the electric field is further concentrated to 
the area 3 to improve the light emission efficiency. 

Figs. 6A and 6B show a plan view and an A-a' 
sectional view of a third embodiemnt of the semi- 
conductor light emitting device of the present in- 
vention. This device was manufactured in the fol- 
lowing process. 

First an n-type semiconductor layer 12 having 
an impurity concentration of 3 x 10 16 cm" 3 was 
formed on an n-type semiconductor substrate 21 
(GaAs (100) in the present embodiemnt) by mol- 
ecule beam epitaxy (MBE) growth. Photoresist in 
an area 13 was cut by a photo-lithography resist 
process,- and Si ions were injected therein at an 
acceleration voltage of 80 KeV. Then, it was an- 
nealed in an arsine environment at 850 °C for 30 
seconds to activate the impurity atoms. The area 
13 was rendered to a highly doped semiconductor 
area having a peak impurity concentration of ap- 
proximately 1 x 10 18 cm" 3 . 

Then, Si0 2 was deposited by a sputtering 
method to a thickness of 4000 A, and resist at a 
predetermined position was cut by the same resist 
process as that described above. The Si0 2 at a 
portion of the top of the device was removed by 
fluodic acid wet etching and an insulation layer 19 
was formed. Then, Cr/Au was vapor-deposited and 
unnecessary portion was removed by etching. An 
ohmic contact electrode layer 16 was formed to 



contact to a Schottky electrode 15 to be formed 
later. An ohmic contact electrode 18 was also 
formed on the bottom surface of the substrate 21 . 
W (tangusten) was deposited as a Schottky 
5 electrode 15 to a thickness of approximately 150 A 
by electron beam (EB) vapor deposition to from a 
Schottky junction. The n value was 1.05 at a barrier 
height 0 SB = 0.8 eV of the Schottky junction. 
Finally, an Ai contact electrode 31 was formed. A 
10 reverse biasing electric field was applied to the 
device thus manufactured from a power supply 17 
through electrodes 16 and 18. The light hp was 
emitted from the top of the area 13. 

The operation of the device of the present 
75 invention is now explained. 

Fig. 7 shows an energy band of the semicon- 
ductor light emitting device of the present inven- 
tion. As shown in Fig. 7, the Schottky electrode 
layer is jointed to the n-type semiconductor layer 
20 and the reverse bias is applied thereto to cause the 
avalanche breakdown so that a number of electrons 
and holes are generated in the depletion layers. 
The generated electrons and holes causes the 
inter-band transition, carrier recombination or intra- 
25 band transition as shown in Fig. 3 to emit a light. 

In the present embodiment, the highly doped 
n-type area 13 which is distinctive from other area 
is formed in the n-type semiconductor layer 12 to 
form the depletion layer as shown by the broken 
30 line 14 in Fig. 6B. By forming a uniform and high 
electric field area throughout the highly doped n- 
type area 13, the light emission occurs uniformly 
only in the highly doped area. 

In the present embodiment, the highly doped 
35 area is formed as described above to form the high 
electric field and increase the electron-hole pair 
generation efficiency and increase the probability 
of light emission in order to attain the brightness 
control. Further, a large energy is applied to the 
40 electrons-holes so that a light having a larger en- 
ergy than the band gap Eg is emitted. 

In the present embodiment, the n-type semi- 
conductor is used as the semiconductor substrate. 
Thus, the highest electric field is formed below the 
45 Schottky electrode on the surface and the electrons 
in the Schottky electrode most act on the ava- 
lanche amplification. Accordingly, where the sub- 
strate (for example, silicon) in which the electron- 
hole pair generation efficiency varies depending on 
so the type of earner and the probability of generation 
of the electron-hole pairs by the electrons is larger 
than the probability of generation of the electron- 
hole pairs by the holes, the electron generation 
efficiency is improved by the present embodiment. 
55 In the present embodiment, it is necessary that 

the thickness of the Schottky electrode layer be 
very thin enough to fully transmit the light gen- 
erated at the PN junction interface and reduce the 
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light transmission loss, in this connection, the thick- 
ness of the electrode layer is preferably no longer 
than 0.1 urn. In the present embodiment, a relation 
between the photon energy and the light intensity 
is same as that shown in Fig. 4 for the first em- 
bodiment 

Fig. 8 shows a fourth embodiment of the 
present invention. Fig. 8 shows a sectional view of 
the device as Fig. 6B does. In Fig. 8, the like 
elements to those shown in Fig. 6B are designated 
by the tike numerals. This device was manufac- 
tured by the following process. 

First, an n-type semiconductor layer 12 having 
an impurity concentration of 5 x 10 16 cm"" 3 was 
epitaxially grown on an n-type semiconductor sub- 
strate 21 (Si (100) in the present embodiment) by a 
vapor deposition (CVD) method. Then, Si02 was 
formed to a thickness of 4000 A by thermal diffu- 
sion. Resist at a predetermined position was cut by 
the resist process, and the Si02 at that position 
was removed by fluodic acid etchant to form a 
donut-shaped opening on an area 30. Then, B 
(boron) was thermal-diffused by appropriate dopant 
to form a p-type guard ring area 30. The Si0 2 at 
the top of the light emission area was removed by 
the above-mentioned resist process and etchant, 
and P (phosphorus) ions were injected in an area 
13 in the same manner as that of the third embodi- 
ment to form the n-type semiconductor having a 
peak impurity concentration of approximately 8 x 
10 17 cm' 3 after annealing. Then, ohmic contact 
electrodes 16 and 18 were formed, and finally Au 
was vapor-deposited to a thickness of 150 A to 
form a Schottky electrode 15. 

in the present embodiment, Au is used as the 
material of the Schottky electrode although it is not 
restrictive and any other material which forms a 
Schottky junction may be used. A material other 
than metal such as siiicide, carbonide or boronide 
may be used. A material which has a low resistiv- 
ity, a high light transmittance and exhibits uniform- 
ity even if it is thin is preferable. 

In the present embodiment, the guard ring area 
is formed around the highly doped n-type area 13 
to form the depletion layer shown by the broken 
line 14 and the electric field is concentrated there- 
to. Accordingly, the light emission efficiency is 
improved. 

The present invention nay be applicable in 
various forms other than the above embodiments. 
The present invention covers all such modifications 
without departing from the scope, of claims. 

A semiconductor light emitting device com- 
prises a substrate, an n-type semiconductor layer 
formed on the substrate, a p-type semiconductor 
layer formed on a portion of a surface of the n-type 
semiconductor layer, an electrode for applying a 
reverse biasing voltage to the PN junction to cause 



an avalanche breakdown and an area formed in a 
portion of the PN junction. The p-type semiconduc- 
tor layers forms a planar type PN junction with the 
n-type semiconductor layer. The area formed in a 
5 portion of the PN junction has a lower break down 
voltage than that of other area. 

Claims 

10 

1 : A semiconductor light emitting device compris- 
ing: 

a substrate; 

an n-type semiconductor layer formed on said sub- 
15 strate; 

a p-type semiconductor layer formed on a portion 
of a surface of said n-type semiconductor layer; 
said p-type semiconductor layer forming a planar 
type PN junction with said n-type semiconductor 
20 layer; 

an electrode for applying a reverse biasing voltage 
to said PN junction to cause an avalanche break- 
down; and 

an area formed in a portion of said PN junction; 
25 said area having a lower breakdown voltage than 
that of other area. 

2. A semiconductor light emitting device according 
to Claim 1 wherein said area having the lower 
breakdown voltage is formed by forming a higher 

30 impurity concentration portion than other portion in 
a portion of the n-type semiconductor layer adjoin- 
ing to the p-type semiconductor layer. 

3. A semiconductor light emitting device according 
to Claim 1 wherein the P-type semiconductor layer 

35 around the lower breakdown voltage area is thicker 
than other portion of the p-type semiconductor 
layer. 

4. A semiconductor light emitting device according 
to Claim 1 wherein the size of the lower breakdown 

40 voltage area is no larger than 5 jxm. 

5. A semiconductor light emitting device according 
to Claim 1 wherein the thickness of the p-type 
semiconductor layer in the lower breakdown volt- 
age area is no larger than 0.1 mm. 

45 6. A semiconductor light emitting device compris- 
ing: 

a substrate; 

an n-type semiconductor layer formed on said sub- 
strate; 

so a Schottky electrode layer formed on said n-type 
semiconductor layer; 

said Schottky electrode layer forming a Schottky 
junction with the n-type semiconductor layer; 
a contact electrode for applying a reverse biasing 
55 voltage to said Schottky junction to cause an ava- 
lanche breakdown; and 

an area formed in a portion of said Schottky junc- 
tion; 
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said area having a lower breakdown voltage than 
other area. 

7. A semiconductor light emitting device according 
to Claim 6 wherein said lower breakdown voltage 
area is formed by forming a portion having a higher s 
impurity concentration than other area in a portion 

of the n-type semiconductor layer adjoining to the 
Schottky junction. 

8. A semiconductor light emitting device according 

to Claim 6 further comprising a ring-shaped p-type w 
semiconductor layer formed around the lower 
breakdown voltage area. 

9. A semiconductor light emitting device according 
to Claim 6 wherein the size of said lower break- 
down voltage area is no larger than 5 urn. 75 

10. A semiconductor light emitting device accord- 
ing to Claim 6 wherein the thickness of the Schot- 
tky electrode layer in the lower breakdown voltage 
area is no larger than 0.1 urn. 
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FIG 1B 
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© A semiconductor light emitting device comprises 
a substrate, an n-type semiconductor layer formed 
on the substrate, a p-type semiconductor layer 
formed on a portion of a surface of the n-type 
semiconductor layer, an electrode for applying a 
reverse biasing voltage to the PN junction to cause 
an avalanche breakdown and an area formed in a 
portion of the PN junction. The p-type semiconduc- 
tor layers forms a planar type PN junction with the n- 
type semiconductor layer. The area formed in a 
portion of the PN junction has a lower break down 
voltage than that of other area. 
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